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PREFACE ]

iz interim report was prepared:by Dr. Arthur-J.,. Wennerstrom.dnd 2/fit
William A. Buzzéll of the Fluld“Mechanies Redeéarch ‘Laboratory ; .Aercspace
Research Laboratories (AFSC),. Wri “ht=FatteYon.Alr Force Base, :Ohio and Mr.
Hobert D. DeRose of S stens ’Re;;g’amhp@bbx‘eitdxﬁiég; Inc.;. Dayton, Ohia.. The
*.-zor"y:: herin reported was accomplished. -between. December 1972 and:-Tecarbher
N l‘;? 32: \ A N ’

[

The report presents results from a. portion of thé -effors of e Flu44,

Hachinery Research Group supervised by Dr. Arthw:.J. Wemnerscrom anid

canducted under Work Unit 09 of Projéct 7065, "Aerospace Simulation Technigques
Research," under the over<all direction. of Mr. Elmer G.--Johnson; Director. -
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SECTION !
INTRODUCTIGN

This report presents the results of an experimental evaluation of the
single stage, supersonic axial compressor described irn Reference 1 and
modified according to Reference 2. This camprassor was designed for an
over-all stage total pressure ratio of 3.06 to 1 at an isentropic efficiency
of 861.5 percent. Deslgn tip speed was 1500 f%/zec at standard conditions,
and the Inlet hub/tip radius ratio was 0.75. There were no inlet gulde
vanes. The modification described in Reference 2 consisted of redesipgn of
the rotor to incorporate a "splitter vane" between each of the principal
rotor alrfoils. The splitter vane consisted of an alsfoll located clircune

ferentially mid-way in the downstream half of each rctor blade passage
am extending full span.

The conpressor tested was designed for diffusion levels beyond the
range of past experience in toth rotor aimd stator. This choice was
deliberate in order to provide a suitablc test bed for the evaluation of
boundary layer control devices applicable to a compressor and to cbtain
data at values of Diffusion Factor above 0.5. The performance of the
original design, reported in Reference 3; was extemely poor. The results
reported herein, obtained after the addition of splitter vanes, represent a
major improvenient in both rotor and stage performance. The rotor performed
relatively close to, although somewhat below, design goals. Stage perfor-
mance was still significantly short of design objectives. No boundary
layer control devices were installed for tius test.

The second section of this report describes the test faclility flow
path, the compressor test vehicle, and the complete instrumentation system.
Section 111 describes the procedures used in taking data and subsequently
in reducing the data. The reruits of the test are presented in Section IV.
Section V, the last section, sumarizes the conclusions drawn from the
data. Appendix A presents detalled aerodynamic results, including computing
stations within blade rows, for the data point on each speed line corres-
ponding to peak stage efficiency. The rest of the Appendices provide
sufficiont data such that any reader wishing to process any data point not
fully presented hetre, on wisiing to process any data point differently,

can, with the aid of Refercices 6 and 7 , completely neprocess the data
or adapt the raw data to his own data reduction scheme.
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SECTION 11

1. FACILITY FLOW PATH

"he test facility used is of the open-loop vardety. It is
schematically shown in Pigare 1. Air enters the facility timough a
filter designed to remove five micron patticles with a 9U.5 percent
efficiency. The air then passes through a 0-inch duwet tc a Dall Flow
Tube located about six pipe diameters downstredm. About two pipe
diameters further downstream, the air is tumed 30 degrees with the sid
of turning vanes and then passes timough & perforated plate designed to
reduce inlet pressure spproximately three psi at 24-1b/mex flow st
standard atmospheric conditions. mnmm,mmmm
a tube bundle and suisequently ma&&mmmm

A cross sestion of the research compressor is shawn in Figare 3,
The design esploys a cantilevered rotor supparted by four 0.5-inch
mmmmuwmm located sbout two gtator

ﬁaﬂwwhmswﬁmemm mﬁmmtﬁpm
with the rotor at rest is 0.037 to 0.039 inch. Fotb ¢
speed 1s predisted to be approximately 0.020 inch or about 0.6 peromt
of the mean rotor chord. The rotor shaft i3 maunied on ball bearings.
Radial runout does not exceed 0.0005 inch. The bulletnose and inlet
i flow path are supportad by six bi-conwex struts in the iniet. The
flow area catrastion ratio between the trailing edge plane of the

smtsmﬂﬂaeleaﬁnge@piznofﬂnmuz.mmi. Surface

suppot, struts 18 32 mieroinches v better. An atredable coatiig hes
been employed in the casing adjacent to the rotar tip. However, no

nbshavebeme:peﬂam. even in stall. The rotar is of intagral
comstructicn, the blades and disc being mechinsd frem 2 single forging
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of 6A1-U4V tltanium. The stator blades are individually inserted but are
michined inteerally with piatformc at hub and tip. The gap between
aiijacent platforms lles In the range of G to 0.002 inch. A photograph
of the rotor is shown in Figure 4.

3. CCMPRESSOR mmmm*m

Aemiymmic instnmmtatim in the conpressor consists cf measuring
points in cfator leading edges for total pressure ard temperature, rakes
downstream of the stators for total pressure and temperature, a large
naber of static pressure taps distributed on the inner and outer flow
pasth and oni the surface of one pair of stator blades, and dynamic wall
pressare measurements made over the rotor ¢ip. Measurements of inlet
total pressure and temperature, rass flow, telative humidity, and rotor
speed are zccompllahiod cutside of the compresscor and are discussed in
paragrarh 4 of Sectlion II. The Supersonic Compressor research vehiele
ra.: a total of 122 sensors neasuring aercdynamic parameters at various
pints thrusiout the stage., Refer to Fipare 3 and Table 1 for specific
locations. Some of the stalic pressures are sensed at more than one
point and are manifolded to beccme, in each case; a single measuremerdt.
Fipure 5 shows the vehicle instrumentation bulkhead.

a. Temperature Measurements
(1Y Location

A toval of thirty-nine Chromel-Alumel thermocouples are
used to gense temperature. Four are mounted in the plenum, ten are
rmounted in the vane leading edges, and twenty-five are located in the
five discharge plane rzakes. The vane leading edge and the rake nounted
thermocouples are of the slot vented probe type (Figures 6, 9a., and 10).

& detailed analys’s of the features of the slot vented design, along with
reccvery factor c¢haracteristics, may be found in Reference 5. The rakes
wers designed with the sensors dividing the diseharge anmulus into equal
radial Incrererts whille circunferentlal spacing is on divisions equal
to 2.2 times the distanee between vare tralline edges. In Figure 3,
the dischares plane drawm ,.-: in error. The temperature rake shown at

20%° 71' chould be located at 2311° 330,

The ten stator leading edse thevrmoccuple probes are
munted on four vanes with two vanes having two themmmp_les and two
vaxw- mvitg threg thermocaupies. As with the discharge rakes, these

robes am: also gpaced to divide radially the stator amnulus Into five
eqw'ﬂ increments; howaver, in this case with two sensors per radius.

{2} Czlibration

4ll themmwocoupies were Tabricated from individually
insulated, singls roils of Chromel ard Alurel wire. Supples were taken
periodicaliy slong the roils as the thermocouples were made for vehicle
inztallation. ‘thesc sample thermououples were calibrated agalnst a
mndel 162 platiyuss resistance vull primary standard manufactured by
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Rosemount Engineering Company. A constan“ temperature oil bath, made by
fauda Division of Brinkmen Instruments, irc. was used as the heat medium.
The bath was set at four different temperatures within the range of
interest. The results, indicated in Tablec 2, show a worst case error

of plus or minus 0.5°P at the highest teiyerature.

With thermocouple calibrated as indicated, the entire
electronic system employed to record temperature data was examined. The
results are shown in Table 3. Taking the worst case error, at the highest
temperature, for both the thermncouples anc readout system yislds a
maximum error of plus or minus 0.9°F. The wore realistic RSS error goes
from 0.23°F at 150 degrees to 0.65°F at 350 degrees. Finally, when .
recovery factor variation is added, the RSS error at 350°F becomes plus
or minus 1.0°F. Figare 7 depicts the equipment used in the calibrations.

h. Pressure Measurements
(1) Iocation

Thirty-five static (PS) ard thirty-five total (PT) pressures -
are measured in the vehicle flowpath. Twerty-five of the static taps
are distributed at various points on the compressor flowpath liners, In
particular, ten of these are located over the rotor blade tip, starting
at 9.25 inch axially forward of the leading edge and following at 0.25
inen axial intervals extending downstream. A further ten statics are
located approximately mid-chord radially on two vanes with seven suction
side taps on one vane and three pressure side taps on the other.

The ten vane mounted total pressure probes are of the Kiel
stagmation tube design (Figure 8) and are mounted with two sensors on
each of two vanes and three on each of two other vanes. All are radially
located to divide the ammulus into five equal parts, with two measure-
ments per radius. The other twenty-f'ive are Impact tubes mounted as five
radial rakes of five sensors each, dividing the discharge annuius into
equal increrments which are circumferentially spaced In a mermmer similar
to that of the temperatue rakes. An impact pressure rake is shown in
Figure 9.b.

Located for use in conjunction with the static taps
placed over the rotor blade tips are eipht Kistler Model Number 603A
pressure transducers and a Bentley Model 316 proximity detector.
Because of problems observed at high speed with the Kistler dynamic
pressure data, 1o further mention will be made of this sytem.

(2) Calibration

Four Statham strain gage type transducers are used to
convert the various pressures into electrical signals for processing
through readout and recording. One transducer is located in each of four,
forty-eight port Scanivalve sequential pressure switching devices. The
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pressures 1o be uampled are connected to odd nunbered ports while moderate

vacuun is applied to all even (Rourhiry-) ports to minimize hysteresis
effects.

- Tlree calibraiion pressures are sensed by all four
Scandvalve: on every sean. Thece are barometric, 15 PSIG and 30 PSIG.
The 15 and 30 '0IG standards are supglied by Ametek Medel PK-30 self-
repulatinge, pringry deadwelsht type, prescure standards referred tc
atmosrhere. ‘‘he compute:- scftwire used Tor data reducticn corrects these 3
two fraure values agninst variation in local barometric pressure and ;
creates a new “ransducer calibration curve for every scan. Two absolute
calibration prescures have heen adied to this system for use in future 3
tests, and the barametric calivration pressure has been eliminsted. ;

L e g

c. Readout Flectronies

Jata are cousiected and recorded through use of a Hewlett
Packard 2312B Data Acpusition System (DAS)., This system is comprised
of a 291l ;uarded crossbar scanner, 2547A coupler, 24024 integrating

digital voltmeter, 50508 disital recorder, and a Kemnedy 1506 incremental
tape reccisder.

Ac previously stated, pressure measurements are routed through
four Scanivalve units using Statham transducers for conversion into 3
electronic signals. A "Scanlvalve" offers the advantage of ucing the
same trancducer Lo measure pany precsures sn? lends itself to on-line 3
calibration as ‘lescribed above. An interface unit was built to program
the Scanivualves, along: with: other parometers,intce the HP DAS in a manner
which minimizes scarning time witnout comproaising transduzer settling 3
time, Inctead of sampling tve came port on il valves sequentially
pefore stepping to the noxt port, the digital Interface causes each valve
to move tirousy. 1ts next rouphing port tc its next data point inmediately
after belne interrorated. Hach transducer then has an oprortunity to
settle out av its next test pressure while two others are sequentially
interrorated. ‘This sequence is repeated until all perts are sarpled.
: Approximately siax ceconds lapse for the entire procedure.

Ll L g

Thermocouple odtputs are routed through a Kaye Instruments'
Model K170 electronic ice noint reference into the Interface unit and
thern to “he HF DAS.

b, TEST FACILITY INSTRUMelTATION

s g 0

a. Rotor Opeod

bl il s

A Bentley Model 306 transducer senses six rrooves machined into
the gezrbox/rotor driveshaft voupiing. The outnut is fed into a Model 3115

..... The proximitor signal Is a train of
pulses havirg a repetition rate corresponding; .o roter RPMW/10. This

1o bt i 5.
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repetition rate is directly recorded by the HP DAS. A Bently Model 5030
digital tachometer provides a visual indication of rotor speed accurate to
ten RPM. The Tachometer also includes an adjustable speed limiting switch
as a safety feature.

b. Mass Flow

Inlet pressure is metered through a product series 122 Dall tube
venturl manufactured by B.I.F. Industries with a 12.687-inch throat. Meter-
ing accuracy has been calibrated to plus or minus one-half percent by the
manufacturer. Static pressure taps are located both in the throat and in
the Inlet cavity.

¢c. Inlet (Plenum) Total Pressure and Temperature

Compressor inlet total pressure is assumed equal to plemm static
pressure just downstream of the last screen. Four static taps are manifolded
into one pressure and recorded on two separate Scanivalves. The Maximum
error associated with this assumption 15 0.06 percent. Temperature is sensed
by four bare junction thermocouples located in the same axial plane as the
pressure taps, and supported on two crossed cables.

d. Analog Ccmpressor Mapping

An on-line plot of stage pressure ratio vs pseudo mass flow was
effected through use of a Mosely Model 2FRA X-Y plotter. Teledyne pressure
transiucers were used to sense stage inlet POl, stage exit PO3 from a mid-
radius stagnation tube and hub P1 (measured 0.25 inch upstream of the rotor).
Operational amplifiers were used to ratio exit PO3 to inlet POl and als»>
to ratio hub Pl to inlet POl. Stage pressure ratio was used to excite the
Y-axis while 1 - (P1/P0l) was sent to the X-axis. The approximate compressor
map so obtained was used to select a reasonable distribution of throttle
settings at which to record detalled data.

e. Relative Humidity

A Foxboro Dewcel model 2711TG-K222 was mounted in the inlet stack
to monitor hunidity. This device continuously measures the moisture content
of the alr by sensing the temperature at which the partial pressure of its
water vapor is equal to the water vapor pressure of a saturatea salt
solution. The humidity information is acquired by the DAS as a thermocouple
reading on every test run and subsequently treated in the Phase I data
reduction program.
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SECTION 111
TEST PROCEDURE AND DATA REDUCTION

1. TEST PROCEDURE

Test data were taken in order of increasing speed,with each
speed-line being entirely probed before any data at higher
speed were acquired. The on-line analog x-y plot capability
discussed in paragraph 4.d. of Section II was used to select
the test points, since on-line data reductlon was not available.

For each speedline, test data were first acquired at a
partially-clcsed exhaust throttle settlling, after which the
compressor was gradually throttled to include stall. After
recovery, data were taken at several points as the throttle was
openec t{'rom near-stall to wide-open. Stall /as indicated by
tWwo sources: the dynamic pressurers across the roior tip, which
were dlsplayed on oscilloscopes on the test operator's console,
and a microphone in the plenum. Sudden oscillations of the
ahove-mentioned x-y plotter were further indicators that stall
had occurred.

Data were acquired at the rate of about one spz=edline per
hour. On dates when elevated speed lines were investigated, a
single test point at each of several lower speeds was taken to
acsure data integrity by comparison to previously acquired data
at these lower speeds.

Prior tc each test, an atmospherlic pressure reading was
obtained from a mercury barometer at the test site. The rig
was initlzlly brought up to speed and then monitored for about
ten minutcc, when it was assumed equilibrium had been reached.
A five-minute dwell at each throttle setting was observed prior
to data acquisition. 7Two data scans were acquired per test
point on each speedline,

A 12-¢hapracter test identification number was manually
assigned to each tecst point and acquired by the DAS as the
first itemx of information during data acquisition at that point
character 1: last digit of year; characters 2-3: numerical
month; characters 4-5: numeriecal day of month; characters 6-T:
test point numver on that particular date; characters 3-10:
numerical throttle setting; characters 11-12: last two digits
of the nominal percent-speed (e.g., 85% = 85; 100% = 00)).
dhere two scans were taken at a particular test point automati-
call each ccan bears the same test identification number.
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: Finally, a listing of all raw experimental data which were
3 V acquired during testing of this stage 1s provided in Appendix D,
3 . and all computer input data used for Phases I and II of the data
reduction are provided in Appendix B.

2. DATA REDUCTION - PHASE I

Phase I reduction of the test data was accomplished by
using a slightly modified version of the computer program
described in Reference 6. The modifications are subsequently ;
described in Reference 3. {

LA AL M i T

In Reference 6, Equation (11) is in error and should be
expressea as follows:
cQ Y a2 F |

Fein jh(va + yy) |

Ww=2Cl1l,

t lio change, however, 1s required to the actual computer coding
i of the original program.

3. DATA REDUCTION - PHASE II

Phase I1 reduction of the test data was accomplished by
using the computer program described in Reference 7.

To aid in the calculation procedure of the within blade

analysis, a CALCOMP plotting routine labeled DEVPLOT was

developed to allow better visualization of the deviatlon angles

al eacn rotor computing station and hub, mid, and tip stream- :
lines. The DEVPLOT input values used are the final deviation {
angles determined during a within blade calculation. The i
values are glven as z function of normalized axial distance. .
A complete listing of thils program is given in Appendix Cl. %

ri ;AR R R A

In addition to the DEVPLOT routine, a second CALCOMP plot-
ting routine was utilized to plot the stator mid-span surface
static pressure distribution for each within blade analysis.
This program is labeled STAPLOT and uses the experimental readings
of the seven suction surface static taps and the three pressure
surface static taps (located on the mid-span of the instrumented
stator blades) as input values. Extrapolated static pressure
values for the stator leading and trailing edges are also input
to the plotting routine. These values are based on the radlal
location of the first and last suction surface static taps and
the leading and trailing edge calculated values of static pres-
sure determined by the within blade analysis. A ccmplete
1isting of this program is given in Appendix C2.

<
#
E
3
a
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SECTION 1V
RESULTS

1. OVER-ALL PERFORMANCE

The mass-averaged performance of the rotor and of the
Complete compressor stage is tabulated in Table 4 and plotted
in Figure 12. The performance shown is a major improvement
over the original configuration tested (without rotor splitter
vanes) and reported in Reference 3. At 100 percent design
correcteq speed, corrected flow was approximately 12 percent
low, rotor efficiency was 5 points low, stage efficlency was
14 points iow, rotor total pressure ratio peaked at 3.47
versus a design value of 3.35, and stage total pressure ratio
peaked at 2.77 versus 3.06, respectively. The compressor was
throttled to stall at each corrected speed shown on the map.
The data point nearest stall was taken at a throttle opening
approximately 0.5 percent further open than the setting which
precipitated stall. This change in throttle area is equivalent
to about 0.9 percent of the annulus area at the rotor inlet.

2. BLADE-ELEMENT PERFORMANCE (ACROSS BLADE)

The radial distrirut s of relatlive inlet Mach number
incidence anple, locss coe%?iulant, devYaf%on angle, and !

diffusion factor for both rotor and stator are presented 1in
Figures 13 through 82, using Tables 5-11, for each data point
showr. on the compresser map. One set of these flve radial
distributions is presented for each blade rcw at each corrected
spe#d. In each of these sets, the distributions for all tirottle
settings are superimposed on each respective plot. As described
earlier in Section III, this data was reduced ucing the full
radial equilibrium egquation with the eauatlons of momentum,
continuity, etc. satirfled at each comguting station for each
streamline., Thisz data, also used for the compressor map, was
reduced with computing stations only at blade-row edges and in

free spaces; there were no computing stations internal to
blade rowo,

3. BLADE-ELEMENT PERFCRMANCE (WITHIN BLADE)

The data point nearest maximum stage etficiency for each
operating speed was celected for more detalled analysis. The
more detailed analysis involved the introduction of four addit-
ional computing stations within the rotor. The data reduction
was then accemplished in the came manner as before, with block-~
ages and deviation angles Internal to the rotor adjusted so that
the calculated and measured static pressures along the casing
adjacent to the rotor tip were as nearly coinclident ac possible.
The results of these analyses include plots of the radial

o
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distribution of the same flve parameters for rotor and stator
described in the preceding paragraph (Figures 102 through 191),
plots of the experimental (rotor only) and calculated axial
distribution of static pressure at hub, mean, and case (Figures
192 through 201), corresponding plots of the distribution of
deviation angle within the rotor blade row (Figures 202 through
211), plots of the surface distributions of static pressure for
a mid-span section of the stator (Figures 212 through 221),

and a complete nerodynamic description at each computing
station - streamline intersection (Appendix A).

- . ROTOR TIP DYNAMIC PRESSUF’. MEASUREMENTS

The dynamic distribution of static pressure over the rotor
tips was observed during operation to assess qualitatively flow
stability during the test. In general, the flow appeared much
more stable at the higher speeds than was the case with the
srevious compressor configuration reportcdi in Reference 3. Also, o
as design speed was approached, the dynamic pre.‘:ure signal ‘5
measured 0.25 inch upstream of the rotor because very weak, =
indicating that the passage shock had probably been swallowed.
A few bursts of these data were recorded on widee~band FM
magnetic tape. However, no further processing of these data d
was attempted since at no time during the course of these tests "
were all elements of the dynamic pressure recording system 13
working sat'sfactorily simultaneously. P

Y P
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SECTION v
CONCLUSIONS

The mejor conclusion drawn from the reported tests was that
splitter vunes added to the axial compressor rotor accomplished
their intended purpose of controlling rotor deviation angles at
off-design, high incidence operating conditions with a satis-
factory level of total pressure losses. PFPurthermore, operation
of the compressor was now close enough to its design point that
it appeared feasible to embark upon the series of boundary-
layer-contrcl modifications originally envisionedi to assess
thelr potential usefulnes:s in this type of environment.

The dramatic decrease achieved in deviation angle is best
seen by referring to Figures 222 and 223. The first of these
figures presents deviation angle at the rotor trailing edge
mideradius location versus rotor incidence at migd-radius on the
leading edge for the original rotor as presented in Reference
3 and also for the new rotor. Whereas a definite trend was
apparent for the original rotor, all data points for the new
rotor fall in a cluster, exhibiting no apparent sensitivity to
incidence angle. The single data point shown for each corrected
speed corresponds to operation at peak stage efficiency for each
respective speed. The second of these figures compares the
design radial distribution of deviation angle with distributions
Mmeasured at design speed for the first and second rotor configur-
ations. Jhereas deviation angles measured with the first rotor
remalined well above design values all along the span, deviation
angles recorded for the second rotor remained substantially
lower than design values over most of the span. Only locally
near the tip was deviation observed to rise rapidly above
the design level. This might be due to boundary layer separation
on the outer casing. It might also be due to rotor boundary
layer and wake fluild, rotating at near blade speed, being
centrifuged outward and collecting at the outer casing.

In order %o assess the loss characteristics of the rotor,
it was necessary to divide tre measured total losses into
diffusion losses and shock losses. Reference 8 presents the
results of a cuscade test of a blade section corresponding to
streamsurface No. 10 in the design calculations of Reference 1,
with splitter vanes added. At design-point operating conditions,
static pressure along the suction surface of the principal air-
folls was seen to be nearly constant at the undisturbed free-
stream value up to the shock impingement point indicating that
neither precompression nor expansion has occurred uvstream of
the passage shock wave. Consequently, since the compressor
stage passed only about 88 percent of design flow, the suction
surface Macn number just upstream of the shock wave was assumed

11
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to be increased above the free stream relative value by an amount
equal to a Prandtl-Meyer expansion from the relative free stream
Mach number through an angle equal to the difference betweem
actual operating incidence and design incidence. Shock loss
was then presumed equal to the total pressure loss through a
normal shock having an upstream Mach number equal to the
average of the relative free stream and section surface Mach
numbers on any streamsurface. Interpolating between stream-
surfaces, these computations were performed for blade sections
at 10, 50 and 90 percent span. Shock loss was subtracted from
the total loss measured at the same location, and the result
was plotted in the form of Total Pressure Loss Parameter versus
Diffusion Factor in Pigure 224. Blade solidity was presumed
equal to the sum of principal blade chord plus splitter vane
chord divided by the mean clircumferential spacing between
principal blade sections. Shown in this same figure are curves
derived from Reference 9 and the extrapolation made for design
purposes and presented in Reference 1. The interesting
conclusion drawn from this figure 1s that at Diffusion Factors
below 0.6, where there 1s extensive data, the blade section
including splitter vanes performs eractly as would be expected,
upon taking the lncreaed solidity into account. However, at
Diffusion Factors substantially above 0.6, the blade section
with splitter vanes continues to perform satisfactorily and
vilth losses lower than expected.

Consequently, the application of splitter vanes to axlal
compressor blade rows has potential for configurations combining
relatively low aspect ratio with high aerodynamic loading. They
should be suitable for stationary as well as rotating blade
rows. They may also be suitable for fully subsonlic blade
sections as well as supersonic sections for which the concept
was demonstrated. Although the rotor performance reported
herein was good, the da-a of Reference 8 indicate that the
splitter vane design was not optimum. The simple approach used
for this splitter vane design, which consisted of duplicating
the camber line of the principal airfoils and locating the
splitter vane in mid-channel, resulted in very poor pressure
distributions around the splitter vane, including re-expansion
to supersonic Mach numbers according to Reference 8. 1t appears
that a splitter vane carefully designed in the cascade plane
might produze much lower losses than reported herein.

12
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TABLE I (continued)

ITEM TYPE LOCATION
| NomBer | SEnsoR [ Axgal [RADTAL
101 Atnos
103 PS
105 PS
107 PT__
109 PS -0.25 | ID
S A ) =0,25 [ 0b
113 | ps 0,00 [ 0D
115 PS 0.25 | OD
117 PS 0.50 | OD
119 | s 0.75 [ D
121 PS 1.00_| 0D
123 PS 1,25 | 0D
125 PS 1.50 | OD
127 PS 1.75 | O
129 PS 2,00 | OD
1P | 3.227]6.565 .-
133 PS 3.393] 8,175 o3
138 PS 3.361] 8.184 i
137 S <837 ] 8,190 | Lo
—— s TS 5.1 L
m !ef. 3
143 Ref.
145 Ref. ]
[ 167 | Ret. 1
g
201 Atmos ‘A
203__| Ps :
e ]
207 PT :
209 PS 4.281] 8,102 g
2 PS 4.559 | 8.194 3
213 PS ~2,00 | ID .
PS 12,00 |Til &
PS -2,00
PS -2.00_| 0D ]
P5 2,25 | 0O 3
PS 2425 11D
PS 6.181] OD i
PE .181] 0D 3
PS 6.181] 0D
PS 6,181 ] 0O
PS 6,181 1 ID !
PS $181 1 ID
o ps 1 & D
PS 6,181 1D
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7.960
8.120

6.181
6.181

TABLE I (continued)

[ Ref,
Ref .

ITt | TYPE
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TABLE I (concluded)

w‘l"
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g TABLE 1T 3
g CALIBRATION GF SAMPLE THERMOCOUPLES 3
L BATH SET pr AVG. OF 9 SAMPLES MAX. SPREAD E
E o¢C °F oF t OF 4
lt:» E
% £5 1481 148.4 0.1
2. 160 211.4 210.9 0.1
g 150  300.8 301.4 0.4
1 175  346.5 3U6. 4 0.5
- A ©11 Bath Set Pt. |
: B Muelier bridre readout converted to temperature. . 2
H
? TABLE ITI ;
f CAILIBRATION OF TEMPERATURE READOUT ELECTRONICS
SET PT. PRINTER OUTPUT MAX. SPREAD : ;
Avg* °F Avg* °F + OF 3
148, 2 148.3 0.2 E
210.7 210.7 0.2 E
301.7 301.7 0.3
3&5.“ 3‘“505 0.“
+ Average of two calibrated T/C's. ;
& Average of elght channels. :
17
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FIGURE 3. COMPRESSOR CROSS SECTION WITH INSTRUMENT
LOCATIONS
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TABLE XI

IDENTIFICATION OF SYMBOLS

FOR 90%-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION
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TABLE XIXI

IDENTIFICATION OF SYMBOLS
FOR 100%~-SPEED ACROSS-BLADE FIGURES

TEST IDENTIFICATION
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TARLE XTIV

IDENTIFICATION OF SW@ILS

FOR 1028-SPEED ACROSS-BLADE FIGURES
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301249815302

301240915602

70

®

PR, PRI )




a e
i v I LYY " 4 Ty
Ml i D Db i Lo g 2l el 7 v ¥

(334S 2207) sniawy
131400 SA ¥OL)¥4 NOISN-410 YOL0M  *S6 3ynold

(33ds ¥20T) SNIQVY ALOBS 13000 Neioy
L1100 SA 1N31D144300 SSOT YOIOW  *96 uNald %8 Grw o W nsr . wres

e S S Sy
)
SO JoN LHIIN0 YOIy _
26 b cr H N a8 L Ul e |
. A i e e} .ﬁu |
. 1
. ' «h.'\.. \\Q + w.\ ‘\:
.\uh.\\\\& i A 'z 5
_ - A e L&
b j ? :
, = \\\ ﬂ o
: PG \ -
_. PeD p 3
LS} \\\ ¢ -
] 2 Z B
; _ o \\ _ x.L T
. '] d , “n )
] 4 i3 \\ : n
] 4
o ~ - v ql/
i r ~ r\\ . -4
i _ 71 = b4 tae pm
oz ) T
v i 7 EX
_n M | \\\\. |
) A 7 " _
| c. 4 | ,
| % L e
y 0
g

J (033dS 2201) Sniavy
, .é&ﬁs: E._:Zwas,_sag:suzsa.m..w__a:

SRIAVY LIINI SA 3ONICIONI %0104  'H6 uNol4
CAITER L UUND NP

| . . L Ul o1 T ) S IOEY] | KPR
i SOIdnY L IND MOLCHM R :
__ 29 f Ok b PELE 02 ¢ ;¥°g
m, Lo e e ek . o . '
W. @/Hn. ~ ) rm.
e AN S "2
,w /// H
!
i




TR TR

34.00

28.00 30.0C
"y y

22.00
.

ROTOR DEVIRTICN
!?.GQ

1

14.00

A

10.00

6.00

L]

. 20 7.60 8.0 8.40 8.80
ROTOR OUTLET RADIUS

£-06

FIGURE 97.  ROTOR DEVIATION VS OUTLET RADIUS
(1022 SPEED)

skl

e o " "

L‘A‘mew.h




ST e Y e o ol S el b Sl CARTE  RTRITE A TR L T T RIS AT T TV RTINS AR R RN

3 w
3 3
3 3
r
— 7
- k
.
3 ]
3 [
’
]
N
[}
) 3
4
¢ 3
3 : 3
3 : E
3 - M 3
: Pl E
] : i 3
E
3
E
3 - -
-
3 - :

2 A
| S
]
i i

3 . 3

- 3

3

- y
- 3
3 e 3

v-
- -
4 E

’
3 ’
/
;
- ’
=
1 - ]
- ’
. A ’
1 - . /
E
3
.
»
F - qe
i
h ' - - N

FIGURE 98,  STATOR INCIDENCE VS INLET RADIUS
(102% SPEED)

=y - P




TR SISy e

— e

i i m ol v bbbl KO e e L Lo stk i S S L

(G334 ¥ UT) snlaws

131100 SA 9014 NOIL..4410 ¥OLVIS °TOT 3ynoid

Sniguy 137
0Z's 08 ._n

10 ¥01i”1S
¢ 008

09°

'

1 4

(q334s 3201) Shiavd
LUN0 SA LBII144300 SSOT ¥OLVLS °00T 3¥91d

SNIGYY L371N0 ¥0iHIS
uZ'6 08°8 or'a 908 08"

00 ¢

0z°a

L

or'Q

434300 SS07 ¥OiWiS

-

o
(274
o

N

02

14

0r'Q

¥

09°Q
¥01264 4410 JOLUHIS

(0334S 3201)
SAIQVY LTINT SA YITNN HOW HOLVIS  °56 N9ld

SAICYY 13INI ¥0iWlS
0Z'6 ce'e ov '8 00’8 ce”

oa°d

T

00t

—
1

0"

ON HOHW ¥OLU1S

1

13/

i

T4




b O LR R A T e R U L B T A i i S R L L A O A L A R+ U P e i £ p i o i e 0 S ke TGl S

AL AT

R A AT RS R

(@33dS 200 “SISATWNV AVIE-NIHLIN)

SNIGW 1IN0 SA INIIJ144300 SSOT ¥OL0¥ *SOT 3unsld
SN10bLY 137400 ¥OLO0¥
un“& Qq.n uo.r ow.h QN»thnd
° 3=
o
2
0 q-
. (>N o]
! D
,,m o
« o
4
o™
l.VlJ
o
m
(334S 20% “SISATWNY 3aVd
-NIKLIN) SNIQWY LINI SA 30MNIAIONT Y0104 °£OT Jnold
SNIoYY 13IN] ¥013YM
09°6 {41+ 01 00°% 02 ¢ Ov'9
— 1 1 n Mhhd
59
- 2
// Y
m 82
m 2
: z
| s
”n.w

el 1 Tt o I e e Gl e i

(33dS %0 “SISATVNY 3AVIE-NIHLIM)

SNIGVY 1311N0 SA ¥OLIV4 NOISN3JIQ ¥OL0¥ *HOT NOId
SNIguy 1371iR0 ¥010¥
4141 pm or'g ag ..m gy .ﬁ ON.hmu
&
A
<
[pn]
| @D
So
- =
-
\ [ Bag
- D
e °q
Q
P
kS
(@334S 20h “SISAIVNV 3IAVIG-NIHLIM)
SNIAVY L3INI SA H3GWON HOVW 3AILYVIM ¥OLOM °Z0T JuNnold
SN{CUY 13IINT 3010y
Uy°6 068 99°6 0z ¢ o-.moa
1 L ! 2 MCnu
P
2
2
ol
-
0 OW
[gp]
o o
\ | 2 =z
Mau

75




e ’s

(0334S 20 “SISATVWV VIS (0334S X0 ‘SISATWNY AV
“HIHLIN) SAIGW L3WI SA 3MAAIMI ¥OLVIS °Z0T 3wn9ld <NIHLIN) SNIGVY L3N0 SA WOLIVIAIG ¥0i0¥ °90T NM9IL4
SNICBY 13Nl ¥OlULS SN1gBY 13711N0 ¥01i0¥
; 1174 .-a QcFQ O ..D 03¢ ] ..0 oY .hl.. o8 “n (v} 2 <] 0s .-u 09 ..h (174 .hsy
WS Wm L
,, pny ]
Y - —e
, B 5=
¥ D Om
| 3 =
. | O )
] [ ] '”N
32 5
; O @
| m
! -




RERE e Pra L b L fa e e i 0 2aars

e . | BRI D CRRIITAR AT T &(g;ﬁi.{,i.«n.@.ﬁéﬂé.ﬂ.&.ﬁ%ﬂ@%
i (G334S 20h “SISATWNY 3QVIE-NIHLIN)
SAIGVY 131100 SA ¥OLIVd4 NOISN44Ia ¥OLVIS °*OTT Junsid
magmrm 137100 mo._.m.pw
26 aﬁo Ov'& (9] .hG W)
[ A o4
A ..—U
&
o)
=
“ /J\)l\l\n\\ ...um
e
§ -
r
&
(s Rt ]
-
S
g
: (Q334S 20h ‘SISATVNY JQVIG-NIHLIN) (4334S 20h “SISATNV 30V
SNIGVY 131100 SA IN3ID144300 SSOT ¥OLVIS '60T UN9I4 -NIHLI®) SNIGYY L3INI SA ¥3GWNN HOVM ¥OLYLS °SOT Jyn9ld
| SNI1GYY L3IMING ¥OLY1S SNICHY LIINT ¥OiYiS
Be's 066 81 2 398 om.hnus [s74 ] u@ 056 nm.hﬂ
[ 1 1 1 Mbm L - '!'ﬁmoyg
ol 83 °3
(] —
a \llu\ll b [
: (- - 0
© o
! va M.w [ ~X
Sen o mm.
» 5 e

i e

W i

MG b o0 iy g




(@334 205 ‘SISATAY VIG-NIHLIN
SAIOW 13UNO SA ME1IE44300 SSOT YOIOY °NTT NN9L4

waocz »w.:.:o 4010¥
08's 09’ K 0z’

[ —

00°d"

\lll\l’,‘.

—

0z'0

44300 $S87 ¥010¥

]

(03348 S ‘SISATVIV OVIE-NINLIN
" SAI@W LMD SA 3NAIMI VOL0W °ZTT FuN9ld

wbuccz hmgzn 4010y
08°'s 0z b 1]

-
o¢°¢”

3IN3TIINI ¥010¥

//.

006

00°El

KRR T T T T T TP I L LS AT

(0334S 205 ‘SISATVIV 3QVIE-NIKLIN)
SNV 131100 SA YOLIVS NOISNJJIQ YOLO¥ °STT NOI4

m:_mcz C,:.:o 4010¥
089 09°t 0z*

or‘Q oz°d"

08°0

401344 4410 ¥OLO¥

08°'C

(03345 X0S ‘SISATVIV 3OV NIHLIN) Snlawd
LIWI SA VIBIN HOW 3ALLVIY ¥OLOM °TTT 3un9ld

SNIQYY 13INI mo.pom
09°86 0v'8 00°8 or’

[

or *0°

09°0
ON H3UWk 13¥ ¥010¥

08°'0




s ™ 7. ks KA W ¥ " T TR 4 % ol L TR LA M actyi e b ESMERAS il § o AR L kST TRT
T s . ST P FTTRT bt il i el ¥ G
S el Sl A Gl i e bag S LR TR R it LR L TR TR R il fi "
e G Sk G i e L it Y T A T

- pen

_
(G33dS 205 "SISATVNY 3QVI9-NIHLIN) (@3dS 265 “SISATYNY 3QVIS-NINLIN)
SRIQVS LTWI SA 3ONIAIINT HOLVLS °9TT 9L pete L . NOIOM *STT 3814
SNIOYY 137N1 ¥Oidls SNiagdy i3linp yoioy
(174 pm’ cn;.m o.vx.—!m 0o ._m 09 .hh_ 08 .m odg.m.. 60 ..m 0s .h (e¥4 .P.Quo “
_ o 8G .
3 , P en \/‘\I\.\.\Q o ~ “
" ~ -4 -
.. . , g =)
. IEO 103
\ /J e o= 1
4 CI CU
s P —t
J . (] —
i S 0
£ L3 L= Z
! CRBA .
N oz o
3 «Q e
] m 1
; % 1
8

i bt b bl s e (b e b e YD e gt




. - — e dareran e bt ggkéigg o AL G P 4 e N i A il i Egﬁ _.\ i «,.,.J.. b b Lo e i i R A AL S L
wﬁ (G334S 205 “SISAVWV 3OVIE-NIHLIN)
m SNIOW LT1UN0 SA ¥OLIV4 NOISN44IO ¥OLVIS ‘6T nold
. “ SN1OUY 1311N0 ¥O1Y1S
3 ONVM, g D Oe* n 09 n ac.wumw
e
) Q
: | =
w D///lllll:ll:llll\\\\\\\\u o
:mﬁ
, -
D
(g ]
ot
S
e 8
(@33dS 205 “SISATVWV 3GVIE-NINLIN) (0334 205 “SISATVNY 3QVIE-NIHLIM)
SN10vY hthao ¥01H.8 Sniguy LIINT ¥01bis
ONPMII 08 0 0g- o * chm 0g- o 00 n 01}

0g
‘o
8

o

or*d”

v

02°0

Or°0

080

44300 SS07 ¥OiHIS
“(' .
ON HJUk ¥0iWisS

e B T R e S )




S =

e b

TR I Ll Sl m el

(@33dS %09 ‘SISATUNY IAVI9-NIHLIN)
SNIQvd 137400 SA IN312144300 SSOT ¥OL0W

SOTGHBY 3100 yulLy
5 b Cv b 55w L3l
B

Lo e e R S

\\\\\ B T~
\\\

(Q33dS Z0S “SISATYNV 3QV19-NIHLIN)
SNIAvY 13RI SA 3INIAIONI HOL0Y

SNTABY . 3°NT ¥010Y
3. 9 i 6e ¢

4 4A. A

cm e e b ——

@~ ~
e,

——

' " .
it e o et B ki it gt v Tl tm M N ar ot s d Beddg b g st

*€2T 9.4

G2 L

v
-

1
1
H
I
-
4g *{
104

T¥G

~
[
-
v

w

14
€2

43063 S¢S

T

0r'C

"TZT 3n9I4

Oor4
-t
o
g
2
“U

[y

Qs .

e
~ cx

LS
(9]
m
P
o

-

©
)

TR T e 5 ios i Al Tl TR T T T T T

(334S %09 ‘SISATYNY JOVIG-NIHLIM)

SNIAV 131100 SA ¥01Jv4 MOISN44Ia ¥O10¥ *ZZi nold
ST108Y 137100 dol0y
566 Cr g 95 & 0S5 L 02"t =
— . 2 o ..w..lC
183
_ -5}
A -9
\\\.\.\ _Tmmd
7 E
7 _y..cm
(033dS 209 ‘SISAIVRNYV IAVI9-NIHLIM)
SNIAVY LIINI SA ¥3GWAN HOWW JATLVIIY ¥OI0W '0CT N9l4
SNIOHY 117 NT ¥6' 0¥
gy b b & ac” ol ¢ v
| - c—ed —— 1 — 1 '\lltl.lﬁl .-.'
o
T
Q
l
P
L3
i)
o~ m
Y .
. \n.\\ IN
T 4
\\\.\\ OH
v N}
-

o pln e




T TR VLT N T Ry T T,

T T v TR it e e il b o 1t ol tanaid o T
T T T T AT T T YL T TR I Y T ST TR T T A T Y g TR RS L T G

(G345 309 “SISKMIV IVIE-NINLIA (G335 209 *SISKVIW 3OVIE-NINLIN)
SALOWS L3WI SA TNI0TNI Wis CSTT MM SNIOVY 13UN0 SA NOTIVIAX ¥O108 “NZT Jnold

SNIGBY LJIINI ¥OiWLS SNiagvy 1374N0 ¥0.10¥
00“0 Dv.-u (¢] B

P A ] gg's QO.F. 06w 00'g g9°¢L QN.N-S
1 L o L I i 3
5 g
wn
X
m o & 9
ot
- we
o (D b o b1
8= =
- =
z <
N/ = .
S4le] Bt :
(=32} . «
QP o )
o < Q 3
m = 4
8 o
Q

e
it i S T

ata BE o wb e b e btk il N




%

b M e T O e Mk b i s e i e 2o i f oty iedi o il L i el o ok gt Gl v i

(Q33dS 309 "SISATUNY 30VIE-NIHLIM)
SNIAVY LI1INO SA ¥O1IVd NOISN4SIQ ¥OLYLS 82T RNSI4

CR10Ya 437005 ¥0.H1G

"9¢T N9l

Lo £ “hoH ur " ugs & 9L W

T SR T S ¥ P

e

VH“

...o,/./ . B 3 \\Q { ,..‘... -

@

(@334S 209 "SISATVNY IAVI-NIH1IN) ,
SNIQVY 137400 SA INIID144300 SSOT ¥OIVIS 72T Junoid (033dS 209 "SISATYNY 3AV19-NIHLIN)
SHIAWY 13INT SA YIIWON HOVW HOLVLS
utd oL W ¥l kLS SOTCHY U287 un,
‘ S w ar & L3 984, £oe S w : o %(. .‘MWrm,m ug "
—— KH“ (S R S, ,.th-!ul..r.v
\\\x ’ é._ Vtm )
- \il.}\\\ .
— s <
S g
-
o

O o L
b3 3

it Uil bl Aaaid

GN HJIGW 421H15

83

T S P




R i LI B w A L i
i AL, s S i K8 Y s ot saar e 3 % wer o SR o o o -

aﬁummnz.m_m»;g!_ﬁ_e ‘.m
SNIQVY 131100 SA YOLIVS NOISNJ4IC ¥WOLIOW °TET N9l ,

(03348 20/ ‘SISATVIV 30VIG-NINLIN)

snia ;
SNIOW LTUA0 SA LIAIDI430 SSUT LK 25T W4 ms  oras togne R0 ,
P |
o
SNIGYY L1311NG ¥OLO0Y 2 |
%8 L 02" hc& - m
e o o < “
w-. Lo m
> = |
5 3 m
26 o |
17 o
: 55 |
- o7 % M
o7 y
o S
& ;
(QI34S 20/ ‘SISAVWV 0VIS-NIHLIN) s ‘v
SNIGVY L3I WI SA W3QEN HOWY SALIVIRY WOLON °62T 3014
(G334 30/ “SISKTAN 3OVIE-NIHLIN) “
SAIOVY 131 SA SHAIMI YOI08 “OST 3unold 056 umnams_ SN 4010y :
B m ) .nurn ..r or'g [
- R - by 2
SNIGLY 13INi ¥I1GY 8 ,
%8°8 J8°s b e I - 02 ¢ or §, N
L e T W T . ) -4
gw <
-t <) i
/ w anUu .
; I N o
, - 7 ]
a0 3
“ca ....v..%
m z od
; e <
: L& 9 .
w o ~ ,

ne




R s, " o n D Canh ik cuch RS PRCT T =% o e SO IL A o
oy athic i e ad it e R i v B o T i A G i A e T e e R R L e A R R S TR T B
i At el L) » e » L el

:
]
(A334S 20Z SISATUNY IAVIG-NIHLIM) (0334S 20Z “SISATYNY 3QV19-NIHLIM)
SNIQVY 13IN] SA JONIIIONI ¥O0IVIS ‘'HeT 3uN9ld SNIQVY L3100 SA NOILVIAIQ ¥OLOW ‘"¢cT yAold

; Crigby 1YONY yOLHL® N m..\_.m Sby hw.._t)._m m,.u.p_;w ..
A s 8 26k ur s 53 6 0y ” S5 = Ut u3'E S8 ¢ p2e,

. L L ' L - . . L L S S ) .
”, (9] \\J
: . > |
) U / 2
” / d T / 0 _

% \ 1H...|h.uh mUM\ ©

. ) [ o)

m \ |
4 C _ = )
‘ - -5 ,
] / X

; / . . |
b i ©
W_w ..n,. M.W gy
m” '
. ﬁ.m., L2

..
D

Az u L it S 5 Lty g g et BT e ot oy g o g
Gy L 6 e g st el L S 2 e iRl VI £ WY IO it il et o'




s R T L a2 e i
e——— Lo g ] T e R

(@34S 20 ‘SISATVIV AVIE-NIHLIN)
SNIOVY 1IN0 SA YOLIVY NOISN44IQ ¥OLVAS °ZET 3NOLd i

SNIGbY 13WNS mOthn

026 o.n n c< m : tm
[ S e - N r..i
w®
o n.L“
2 y
tJ
L&
&
M
: )
i s~
- e
52 ;
P
! 8
(Q33dS 30/ ‘SISATVWY 3AVIE-NIHLIN) (0334S X0/ SISATVRY 3AVIE-KIHLIR)
; SNIGVE L3N0 SA IN3IJI4430D SSOT ¥OLVIS '9€T JNOI4 SAIAVE 13RI SA YIWON HOW BOLVLS °SET uNold
&,:
' SNIgBY 1371105 ¥o1 SNIobY 13N mo»m S
i g2°'8 36°S ov’'s 83 um.nﬂnb B2°'6 S5a % ut B u3’'s 0S¢
' . L 1 Y Lo 1 L. L - &
: 8T g
_w & T
m 9/\Ine r / «U...w
4 ) d z
, S /\i\a?.“w
- T
€ -
| L ) lul. )
5" S




A AT

2

i
!
i
i

o ey s B ey = e ki =y

SRR

ez,

PRSI B e e

i
)
3
3
4
3
A
)

270 St L b 8 b g n 00 D d s s

(033dS 208 ‘SISATVNV 3IQVIE-NIHLIM)
SRIGVY 131100 SA IN3IJ144302 SSOT ¥O10Y

SNIiCb¥ 1301INy ¥J15Y
58°6 0r’e ul's S ¢
L -+ [N 1 [ O,

g "4

s

(0334S X08 ‘SISATVNV 3QVIE-NIHLIN)
SNIAWY LIINI SA 3INIAIINT ¥OLOY

SNIGBY 13NT ¥0iGY
GEN 968 99°8 02 ¢

L. - —

/

~e

Lickdcn i Dbt Ao b vt WO el i bt

022

0v "0
44302

S

oo
ECLOY

q

0

33IN3CHE

o0t

‘THT WN9I4

-

~

e 80

Sod

‘65T 914

CR)

(=i}

P i i e G i vl el A R i A R i i

R I T N T B ST I T T I v or

(Q334S 308 “SISATYNY 3AVI8-NIHLIN)

SNIGVY 131100 SA YOLIVS NOISN3JIQ ¥OLOW ‘Uhi JYNOI4

SNIGyY 137UN0 ¥OL1GY
38°4 0r°'B 90°8 RE
L. oL ade i .- i .

(L)

e
o

(Q33dS 209 ‘SISATVEY 3QVIE-NIHLIN)

SNIGVY LIINE SA Y™K HOWW JATLVIZY ¥OL0¥ °8€T NSl

SNIGHY L3N] ¥OLGY
05°'6 588 00 02 ¢

| EYPSNRE NP S U [P S

e

I

PP

o]
-
.

(!D

13Y ¥elcy

B

e

¥
b}

A

\

!

N H2baA

)
.

02
a




g
; (A334S 208 ‘SISATVIV JOVIS-NIHLIN) (Q334S 208 ‘SISATVNY OVIS-NIHLIN) |
' SNIGVS 131 SA DNIAIM] YOLYLIS ‘£hT 9ld SNIQVY 131100 SA NOILVIAID NOLON ‘2T NS4
SNICHY 137N]I ¥Oi”LS SNIgBY 137iN0 ¥U1GY
, 02’8 368 Or'g 05°8 08°¢L, 98 ov'g 008 08 ¢ 024, .
) w — .
“,” e 8
n .n. vmb
1 8 g ‘
: i
8 -0
8 22
2 o S5
- x
i bt =
" t'.
W % 32
[ )
; 3 ..8.
| o b 8
b 59 7 |
3 MN 4
m
d ﬁu ¥
A s 5
‘ v.vr.u rﬁw
) o
.W © < i
52
|
2 i " : & il cioacinni bkl i
it B it i b I (ki :




b Tt e b Mo T T P  ATSTTSTS S P TH TTR T T G R W o i i
i
(03348 308 “SISATYRY QVIG-NIHLIN)
SAIAVY 131400 SA ¥OLIV3 NOISN44IQ YOLVIS °ShT MAOId w
SRTGBY 131400 30id.s !
£2°6 35°% A 52w g8 "L
L. I [ L r“\ -
< ‘L_ .,
)
IR :
/ P RO
e 93
— e ;
3 )
2 :
E
(03345 208 ‘SISATYNV OVIE-NIHLINY .
. (433dS 208 ‘SISATIVNY VIH-NIHLIN) _
SNIaVY 131100 SA IN31J143300 SSOT ¥OLVLS °SHT N9Id SNIAVY L3N] SA N3BON HOWE HOIVIS °IT 2:NSld :
SIIGbY 131000 N80iY1S CioifHy 14N HOaHLE j
026 36°6 Ur'e e °Y um.nﬁ.Cw [ S5 W ur B ud- um.hr. /m
t B - [ N & . # — B [ [ L SCE L
ST T
; T _
5 o m
/ C"‘. .x..”u &
—— . F] - k 4 .
e E N 7 B
‘.H.

i
'
_ N
-3
, o ~ -
- -
n / P
H - .
hro - - e y—— et € o
. L. .
' > T (=
: o d 1
E
X
k :
o
o '
b
b
. PP, - [
L gk s it et ot e atd S b ) T oL ol e, o et b el e e o B e R e i) e e i o gl
o ik it Bt bt ith S T e iy AL




Ll oG S RIS DT T Y
" ol it diti s bl G Gt e i e b o e U e T S L A e o AL R G s i Sttt O U M Tt S b R iy Ui i ot b b AT R 1 T PR T fRti e Z T T "
PO TR T TNt 3 T TN . T ] et
I
i
[
4
¥
#
“

(G335 258 “SISKTVWY J0VIE-NIHLIN) (334S 258 ‘SISATVV IOVIE-NIHLIN)
SHIQWS L3110 A 31144300 SSO0 40108 *0ST 0ol SNIOW L1L10 SA Y0LV NOISTIQ YOLOW °6AT 9L
) m3~m¢¢ 131106 3010y SNIGYY 1371N0 ¥Oi10Y
e 4 .o 03° m a9° K 024, o8 .pn or ..n 00 .n 99 ..h 02 ¢,
2 8 _ |
8 [
S 3 _
23 o3
[or] —
a - |
L. O om
_ 52 28
\ » -t
n m
L2 K
3 3

(Q33dS 2S8 “SISATVIW 3OVIS-NINLIN)
(0334 353 “SISATVIV 30VIE-NIHLIN) SNIAVY LTIND SA WIBIN HOW .
SNIQVY 1TW1 SA 3BQINT YOI08 °SuT nold AUVIN WIR “AT 3914

SNIGbY 13INI ¥010¥

AR T WS A S e B

SHl10uY 13INI mohoz 386 958 53°8 02 L or'g,
596 566 80°s cv'9 L
L « 20 (=4 ]

1 23 N
w [ S b
B / Qo m
® \b L 0
\ e =

lﬁom 0“
. 5" m
, e
" 5 i
_ ,.nnzu 3T

. =

3 o

or




LA e e L O oL s DRk

Erd Bl w DLl rara

4 i M AN I e A Gl

E e et Al AR M AT I R ARG AT KPS Gkt S L SR T a2 S

(Q@33dS 2S8 “SISATVIV JAVTE-NIKLIN) (Q33dS 198 “SISAIVAV IAV18-NIHLIN}

SNIAVY 13INT SA 3ONIAIINT YOLVLS °2ST N9ld SNIAVY 1T1LN0 SA NOILVIAID ¥OL0M ‘TIST Nold
SNIgUY 13INI ¥01HLS SNIgBY 1311N0 ¥010Y
pe-e J08°86 pr'g 2°8 um..h. 06°6 Or'6 on's 08 ¢ ow...é.
1 . 1 i w 4 3 i 1. o
. Q
s A~ @ :
- |
[ o] [ =]
[} (%]
= o3
o o
o
X
-2 4R 3
E» . WM
va .
o : 5
o — ot
_,m - nU
3 Sohen _.m.wN
" P o
A s [}
“ o
- ) e i
'0’“«-: _l".‘,
Q [ ™
[ o] <o
~n P
o ot -
m MU -0 9
| ° - |
i
¢
. »
_ Ed
| A ;
i = B
Py |
.lmh.-
0 m
Fi-
3
- ,
o ke IR i Tl e v s G B o vt oot s sk e I

et sk S b gl B




(Q334S 358 “SISATVIV 3VIE-NIHLIN)
SHIOW 13UUN0 SA ¥OLIV4 MOISN44IG WOAVIS *SST 3un9l4

: SAICHN 137.aC ¥0idis
3 0z'6 un.rn Cr 8 nuw oa.sﬂm
; & —
d =
L 2
: o
. e
"“
) -n
E, o
2 [gr)
o
'c-g
o
(03345 IS8 ‘SISAIWVNV AVIS-NIHLIW
; SNIGVY LIWNI SA ¥IBINN HOWM WOLVLS °£ST N9LJ
(0334S 258 ‘SISATVIV 3QVIE-NIHLIN) . i
SNIGYY L3N] ¥6.HiS
,. SHIQVY 1TUN0 SA INIIII44300 SSOT HOLVIS VST N9ld cze  ew . bis . R sty
3 SN106Y 131600 YGiHLS g
- nunm 08’6 Gy & 52°§6 um.nﬂrb
AH— 1o L A 1 rom w
-“ quu' 0.8
b 3 X
222 B o]
¢ Gen o
< .5
[ [=4
o oz
i E
-
0 bt
kS

PPy




e eIt R B ok A A

L M ia Tl s Sk S S AL S L e U LR EL
TR AP T S T T R » re—— PR
M
i (G33dS 206 “SISAIVRY 3OVIE-NIHLIW
M SHIAVY 1TUN0 SA ¥OLIV4 NOISfddId ¥OLOY °8ST 3N9ld
H
Aawwmw 106 ~w—m>§ gmuz—:.:xv nrasy 13N 40 3
| SQVY L3N0 SA 1AGII130) SSOT BOI0H “6ST N0l T A
sn1EyY 131100 ¥OLOY & |
, 21 .m ooLn g0 6 umw D2’ NU .#
] =4 20
.2
a e
- pr 1]
oG
™ S
3 & ..0“
v‘. % .m“ m
“,, ‘ w n
. i .2 o W i
: 5 —
o ; DH L Y0
- ™ Clas
S |
N.\ M nﬂnw (t
- 5 o j
e ! >
ﬂ (033dS 206 “SISKTVV 3QVId-NIHLIN) ;
= (QI34S 206 “SISKIVNY 0VIE-NIHLIA) SOIOVY LIINI SA YIGNIN HOW SALIVIY YOION °9ST 94 ,.
£ . pg's g 8 g0 8 0L nv.mﬂ ™
; SATCBY L3N 20i0¥ . L : . ; U
0g9°'§ 08 ¢ g0'8 Pt h‘.@g M ;
. ¢ ' 1 i L By MU 8
b 29 ot
: : ©- o sy
3 / 8 THI. o
. - 8=
B a4 T
¥ NS -
: °s =
A n - D
¢ p=4 P
, LT s oT “
5 ®
; |~
In

-~ '
o i




b (13345 206 ‘SISATVWV 30VIE-NIHLIN) (Q33S 306 “SISAMW J0VIE-NIKLIN
» SNIQV LTWI SA JMBNNE WOIVIS "I MBH - SOLVH L3100 SA NOLIVIAZD OLY 09T 60914
rrhM i
" -. SN10UY 13INI MO1ibiS SNIGUYN 131100 ¥O10Y¥
u [+72 pm nouo (03 UP 0g rb gs°L, gg°'a gr @ co'g 09°¢ 02 .~§
i ~N L L A 1 -
,,," Mﬂu\. m
b
L &° | ®
g g
, - -
v o g
w 2
| a
5 15
&g 8o
2 = %
m L~ 'wm
5 S o
¥ € = @
4 S =
¥ z
i g 2
;
m Z 8
; £
B o
B <
- e e :
L ety AL biadi) — s i i il e R »




TGRS T T T T
T o 1 3 Al L

™ = st L e T o gl e o pan il i b e i i s g .ﬁ:

LScaa g teatled i ke oaldld 63 el ” ¥

. CLiady A L] TETTS i KRk oty e @443 PR C Ay ey -

| ™ P M o Vi M L T 7

by

R L AL TR PO Rk se Resn g

(0334S Y06 “SISATVNY 3QV18-NIHLIN)
SNIOVY 131100 SA ¥OLOV4 NOISN44IQ HOLVIS °*HT not4

SP10bY L17inn mc»m»,,
_ 892°6 588 oy°A 59 % g9°
3 .

| S ] L

-~
)

|
pg g™

\
9% G

‘0
d013b3 2410 801Hy

[l

=Y

(0334S 206 "SISATVNV 30VIG-NIHLIN) A
(033dS 206 “SISATVNV 3QVIG-NIHLIN) SAIAVY 13INI SA YIMNN HOW Y¥OLVLIS 'Z9T Jynold4
SNIQVY LTUN0 SA IN31I14430) SSOT YOLVIS  ‘€9T Jun9ld
W woam 13N \kbht%m

TRt Rt W TR T TR SR e

G& Se-i b 597
i SOIAEYNI I 1IN0 %0 Y AS L LR
e 0z '8 .rz Cr E—— L858 697y (, >
m oz
§ o
,W 2
,W;
@, L0,
:
ﬂ U5
e

W3 S o g T e

\ N o " Ll
DM 3 b e L K S i R s "




N W
Gr, Sl R e R AL A L Siariin ittt RS >N b2ty &

T TII P TTI T VAR 4T R T e T ey
Y PRI TR RF RN T RN i i o g on Al (Lt ol CHE S U e .
© e s oy “ ——

&

(0334S 256 “SISATVIY JAVIE-NIHLIN)
SNIGVY 131100 SA WOLIV4 WOISNJ4IQ YOL0M °Z9T JNSId .

(@IS 256 *SISAVW JIVIR-RINLIN) _ Snlouy 137N0 ¥OLOW |
SNIQW 1TUN0 SA IN3II144300 SSOT YOLOM *S9T 3wnsid 088 ov 8 0o's 09°¢L 024, E

w

r (-3
. SNIGUY 1371N0 ¥010¥

o8°'s Oov'8 808 09°L .02 .snu

+~ | — 2 2 _2

! 8 Lum
g 2

e E
o9 =
" 3~ fu.a
: o am
, 173 -
b OS a
18 .o O

3 -Q cm
3 o_h” -9
m, ]

»

b | o

_n ” ﬁ

ol°t
9%

i (@334S 256 ‘SISATWV AVIE-NIKLIN) (@S 256 ‘SISAIVIV IIVIE-NINLIN)
SHIOW LTI SA 30MIAIMI WOLON °*99T 914 SNIGVY LTI SA ¥IINN HOW FATIVIY YOL0Y °SOT 3914

i o !
) . SHI06Y 13INI ¥010Y R - AR
K 038 0s's 00°8 0Z'L ov'y, ol X . N o
#, t L A e Py 8
B 8e muc
: E =
o0 o3
fie €Q s m
¥ o L
L ™m
by - pe 4
3 0 | -
w‘ |C3 ’Anlﬂu
; 5 &
| Q -
=
L&
o2
Q
i b gt bl bl ok R m g ol L At i b s it ok S ,,.E PP
il i A -




il stk bl LU LM e s

(033dS 256 ‘SISATVNV 30V19-NIHLIN) (@3S 156 "SISATANY HVIE-NIHLIM m
SOV 13INT SA 3ONIAIONI HOLVIS ‘0T 3n9ld SNIQVY L31UN0 SA NOILVIAN ¥010Y ‘69T RNOI4 |
| N SAICHY ;3IN! ¥0:HiS SRICHY 137100 ¥010Y
i ou.m 08 .rm .ud“m wmwm om.b. a8 ..w [33 2 ¢ oo ..m Qmwb cN.h?
. ) - 3
ﬁ \ll.l\ll.ﬂ o \D
bl | @ j
] E 2
rM 1”./“%
, ° s3
2 £’
m; Ymbs r[w.
w 2E 5= ;
“ 2 = &
: 5= |32
3 20 S
W 2
¢ 55 | L
3 2 2
o o
-2 s
w_ S 3
2
v " 1
X L




(EHdS 296

(G348 156 ‘SISATVIV 30VIE-NIKLIN)

SOV L3N0 SA WOLVE NOISNHJI WOLVIS °S/T JnSI4

SNICHY 1371N0 MDiWLS
08's ov's 00°8

N "

oz's

[

8
X

401344 4410 ¥0luiS

T

05°0

¥

0.°0

‘SISKIVIV J0VTR-NIHLIN)

SIIQW 13N SA INIIIT44300 SSOT WOLVIS "TLT WM13

SAICUY 131110 ¥0idis

Quun og°

| -

(0334S 296 ‘SISATVIV 3QVIS-NINLIN)
SOV LI3WI SA ¥30N HOW ¥OLVIS °TZT NS4

ShHilCo¥
0z'6 98°8

o0°d"

l41s

020
44300 5807 ¥o

B
-
[~}

N

00°1

ON HJIBW ¥0lHiS

—a

oz°t




at R Akl IR, I T T T Y O T Y R RTII

(033dS Z00T “SISATVNV 3QVIE-NIHLIN)
(G33dS 200T “SISATVRV JOVIE-NIHLIN) SNIaVY L131UN0 SA HOLI¥4 NOISN4IQ ¥OL0Y °9/T 3ynold
SNIGVYE 1IN0 5A IN3IJ144300 SSOT ¥OLO¥ 4T 9ld SNIOBY 137100 N¥OL0Y
ow..m or'8 co“m om..b DN.Nﬁ
SN1gBY 1311N0 ¥O10Yd "
98°8 [0} 2] oo%m 0s ..h 02 .~0 o !
L A .m M_
\.\e & L2 u,
o3 2 ;
o z
| & | o ,
! w <N i
i o
| -0 m ]
| 5 2
N - =
[ L&
Ko 3 ;
P
| : w
C ® 2 :
W M (0334S 200F “SISATVWY IQVIE-NIHLIN) (03345 200U ‘SISATVRY JVIS-NIHLIN) 3
; m SNIQVY L13INI SA IINIGIONI ¥0L0¥ °SLT 3yN31d SAIAVY LTINT SA YIWON HOW JALIVIY Y010 /T Jnald k
W W SNidby 13N ¥OL10Y SNI0uY L3INT ¥OLOY &
M,_ “ ] .—m o8 “m go “m oz .-b Oy .m.’ » og ..m (1] “m Qum DN%N. or ...ml ~_
L 85 8 |
b o = a
w; “!l// b} ot
i A v— Q
t L P > | = 0
: A \\\\\9 S
3 . m
:-
z
o
Mn

¥
\
L]

cr°i
ON H3bW

eete:




(0334S 2001 ‘SISAIVIV IAVIE-NIHLIN) (0334S 200T ‘SISATYRY AVIE-NIHLIN)

SNIGVY 131 SA IMIAIINT ¥OLVIS °6ZT RNSLHY g‘g JFUNO0 SA NOTIVIAYD ¥OLOM °‘S/T 914
u SNiGby 13INI ¥01iHIS SNIgBY 1371100 ¥010Y
{ -02°8 08°'8 or's Uy e am.b. gg's [«1 A 00’8 83°¢ c.u.ht
. L 'l 1 2 l: L 2 1 'l Py
H; 8 8
h L L
: g 8
.“..‘.
: 2 B !
P ] ¥
[} lucs ilc R
[ 33 mm_ |
-y
2 3 m
3 Q
,f fmwm IMN m 3
w_ ol mU
25 5
.” =
L3 R
] 5 5 X
;, [ ) [~2
. m
m | - -3 w
2 S 8 )
L2
o
[ o= )
L&
) o
i S




g bt Doy a ol b

s

pe

A o e e e L e A

i % A i .

(033dS 200T ‘SISATWNY IIVIE-NIHLIN)

SNIQVY 1311N0 SA ¥OLvd NOISN441Q WOLVLS

GZ°6

SNilby 131100 ¥OL1BLT
088 Cr's 00°§
i i PN o,

s kit M ok s b

‘€8T N9l

[ L)

L
(s ¢
LEREERY

-

<
dcl

¥

A YR
‘e

T ST o e

10

o es o

; (033dS 200T ‘SISATVNY 3AVIE-NIHLIM)
w SOIGVE LIINI SA Y3RWAN HOWN ¥O1VLS
: (Q334S 200T "SISATVIY 3AVIS-NIHLIN)

‘08T N9Id

Go 'L 8 b Lr o 0G°6 58 °
. o \ A hluP ) N’“
; v
! ozog  SMIOBY 131UNC ¥O181S ©
~ z 8889 Gr's 08 .
, ) : . 8 08 fp > ;
. o = ;
. o X =3 4,
Ragper
. i (o) CoC) W
B / 2 &> :
« kt
- .
“ : L& o 3
| g ...NQW ~ a4
| , ¢ N T
,. //I\\\.a m ©
| L&
: 5
: (5] -
, S
d
o N i et M Yy St L g o s ™ .

: SNIAVY 13100 SA IN3IJ144300 SSOT ¥OLVLS

"T8T N4

S10bY L3INT JOL9LsS




Lttt e )

AR ity s Ot Ui A D

1
T S o A
SA 40 ] ' |
- (03345 T201 “SISKVW IIVIE-NIHLIN) y Sniav
3 IOV 130100 SA 1B12144300 SSO7 VOLOW °99T w9 SN1GbY 1371N0 ¥OL0H
” %8 or 8 03°'% 09 ¢ 02°¢,
SNIOLY 137100 ¥O10¥ e 3
. %8 ov'e 008 03°L 02°¢,
3 g
3 2 o
3 £
ﬂ o3 e
X »
3 e ot
N e‘..
| & F3m ]
y LS ey n
3] 3
- P,
- - S5
s Ma 1
4 'oc
: ] A
3 h
(03348 3207 ‘SISATVV JOVIE-NINLIN) (03345 J20T *SISATVNY 3QVIS-NINLIN g i
SOV LTI SA 3NENINT WOLON “V8T MNSLd - SOV L3I SA V30NN HOW ALIVISN Y0IOM 8T JnSld |
. SN1GBY 13NI ¥010¥ SNIGBY 13INI ¥0L0M m
, os rn Duw.a no.ru ON.PP cc.oty gs .—.u.!:!...unu.rn au\.ro . QNPP ot.n.l
| 33 g
P [ < w
! / fad =4
m @ -3
8> S
€ Oﬂ.
! MM ‘X
i s R~
o S
(] z
[or)
| E:
?.,
™ 0 R TR TR e e cua itk Sl e 025 i b i ELRE‘FEA: %

5 R i o o b+ b 1o i il .17l ek o ¥ SN b i Lt




(033¢S 3201 ‘SISATANY J0VIE-NIHLIN) (@33dS 20T “SISATVIV 3VIE-NINLI®)
SHIQVY L3I SA 3ONIAIINT HOLVLS 88T NSld SHIOVY L7400 SA NOILYIAG HOLO /8T 3un9ld
w SNIGHY 137N] ¥0id1S SNIGHL L3IVLNS ¥OLOY
\ 0Z2°6 06°'8 gr’'8 go's um.h. 06°8 Or 8 g3°s gy ¢ a2 ¢,
' RO RGN U SN B [N I T S :
o g ;
(4]
lﬂ.. lme A
g g
L > ﬁﬂu
g -
<
V)
by
w0 59 ;
So o
=1 =4 o
5 phis S .
N ! EE L
Nz S
S 3G
o . z
m
 d
umn r.“... >
3 o
< L &
23 -3 %
g 2 M
: |
3 LR ;
8 =
[ 3] < 7
L5 .
.
P K
. " L A0 e kS 5000 S U b Lt s

ot A e i B ' et




ST

K4

2 - X

(@334S 3201 “SISATVIV IQVIE-NINLIN)

SNIOW 131100 SA VOLIVS NOISNSIQ ¥OIVAS *T6T Jwnold

SNIGbY 1371N0 ¥0iUlS
888 or°s

0z°8 . LW
| S i | S QnWPﬂ o8 n.ﬂ~'.
we

© -t

[ ]

-]

[

oo

]

-

e o

)

S

S

(3345 I20T “SISATVIV IIVI-NIHLIN)
SAIGVE 13UNO SA 1N31D144300 SSOT YOLVES °06T N91d4

SNigBY 137100 ¥OiHLS

g2°6 S8°S ar’'es 83°8 nm.ho 02°6
| SO § A A N )
(4
[~]
wm
o}
D
oyt
| <
798
o
i
[ ]
[47]
{83}
-
» .
<
03
o
-n
| e
g.
(=]

S

(033dS 3207 ‘SISATVIV JVIE-NIHLIN)
SNIOVY 131 SA ¥3@INN HOW YOLVIS 68T MSId

NI1GbY 13ITNT ¥O.ULS
S 6 gr 'S 03°¢ om.hﬂu
. | SO L.
&
v
-1
!-H
RS |
83
= 4
D
-3
. T
Sz
«2

ort

CERRELL S o o3 S e

ey e s




AP T TR

v KRR e st e R e % e YR B

sz

(G334S 20% SISAIVWY o
IQVIE-NIHLIN) NOLINGIYASIA TNSSRJ J1AVLIS WIXV 26T MOl

(S3HINI} 3iBNIGY00D HIXY

0g°g L1]¢ r X 80°3 99 s 2] 1 4 00t 0g°'2 as -t 0G°0 g0°1- OD.NOI

| | 4 I i J— Y 1 ] s —r'
o 1
a ¥

A

Q

. «Q

-3

«Q

L]

(H1Sd) .34NSS3I¥d J1iHLS

Bt
p 2 “
. A4 -
!
-
3 o =
s, 2
i . ‘ .u
F JSHd LY - “
. ONH SINTBA TWINIWINIGXY T 3
. ) (=]

3883 3
014

50 4 x x

i
m anH SINBA 03LINJWOD L3 m
h - . .
| s
‘ ,
3
:
f
:
v
i
L34
:
b e o
G G b TR R T i A e, b 97 a1 i A G5 o k8 N P S L SatadioalAllasseidiOd il
sada g e o 2 e 1, Pl S a0 Mt 2 ik il .




T T AT YT TSP Y

e g T R T
Cataacl Lotk Y R T Ty o Ty LAl Al i 4 A T T g ” J

i el v d

(033dS 205 ‘SISATVIV
' VYE-NIKLIN) WOILNBTYISIA NSSIAJ NIVLS TVIXV “€6T 3WN9Id

1 (S3IHINT) 31UNICY00I WIXY
f ¢ oapm 8..h j314] ..u 00 ..m 00 wv 8.m 00 ..N (3]3] .r— 00 “c oo.mn oa.u.ﬂ.
S
"_. ‘ W
M -
’ o
ﬁmu 1
(=) 1
' w
% -t
X ﬁmumm
1 wwﬁa
3
i m !
' = l.o.l.m% m
5 Mwmw :
: m ﬂ
2 . - —_ ;
) - .d
] Fo
{ S»
‘ 3342 -
X gnH S3NTHA TYIN3WIY¥3ILX3 .m
1 v 354) ° }
: ®@ q1u
: [n]

m anH S3NTBA 031NdHOT

r-

00°02

N, e a s Rt o b s i k! e o ol L ooaady b Ao by ol PR (Y TIAR Y

P T Y. At o Aot a i o A e it Sl Al L 4 st At ita i Gl 2




T

E

BT P TITR. To SR re

TRETS

Pt S ofiicon

o g

Caais

o 0

s e S

A A S B e

(@3S 209 “SISATVNY
AVIS-NIHLIND NOILNGI¥1SIA NSSH IIAVIS WIXY 'H6T A9
{S3IHONI) 3iBNIO¥003 BIXH
008 00°L 00°9 00°'S (o101 4 00t 002 ool 00°0 g0°1- ao.m..l
L i 1 i 1 i 1 1 i »n.'
+w
o
5
o
[= ]
w
v
D
o
WJ
>
m 1=
|59 -
ot
0
m
D
IM‘S
S»
®  35H) "
X gnH S3INTHA YINIWI¥IIXI D
Y 35H) =
. x O giu
@  gnH S3INTHA 031NdWOID R
s
(o]
S ot L g v & Gl W g e ek Rt L s ok Aot staki e Jia TR A St 6 ALt s i ot RO A NOST LN
- o b TR LT ) A, i L ..\1r.x_ i )




Dar i i T A A ) T TRy TR AN o AR I Rl I e d U Y e s TR T THE ™ TR U TR W e et a o Vit bukuln

(@3JS 207 ‘SISATVNY ]
AAVIE-NIRLIN) NOTLNATELISIQ NSSI JLLVLS TVIXV °S6T NSId

|

{S3HIN]) IiUNIGHYOUI HIXY 1
83°8 36 & 90°9 03 8 o0°r 00°c 90°2 951 90°0 g1 06°2
) SPSEIURIIPRNRURY U - RSO W SN | 1 |

LT

e5°at’

—

!
; 2
L
- o
3 [~
) 147]
4 =t
D
3 | =t ]
g ol
N1
<

00°02
1 J¥RES3¥d

d

L

7?9
- So .
» {
* 3347 N
;| X gNH S3INTYA TYINIWIYIAXI [P
€ 38H) S
W Ggid
] @ gnw SINTYA G3Lnawod L “
5 ,

AT P Lad s ket Ly e g b it et S R s G e it S, s 5 " 4 Lk G




., T TR 13 o0 g onnoobg o i A G I L

v Lt Sty An il A

vy icaed 800 2.0 o e e -l S

(0334S 208 ‘SISAIVWV
AV1S-NIHLIM) NOLLNGIYISIA WNSSTUA J11V1S WIXY °96T N9IJ

(SIHINT) ILUNIGHGED T61xE d
00°86 86 o J0°S [ og ¢ [eEe ™ g2 oo -
) R SUDERPRR Y -— i .. [N

i PR W [

i ay em RSV AT Y K N PSR $R N A AT 4 AR s R
pux

[ e L e uic i 13

It he] : i

X anH S3PTIHA THIN3Wig4dK [
v 384] €
Giu

@ gnw S3INiYA GAlNg

Bt o g

n
(we]
(]
v

i ol

”

" . . PRI e diaie gy "
" " ST Sl e i b s A sk 1 o it ik d et am ittt bttt bin ol L
b o i gl Y A0 R x by e a0 P 2w <ol




DR ERELE oot vty 2 L 44 20 e it s ol b o s ik 4 LGk b e Al o d o O alain i e T ey K Ny

3

| (0324S XS8 ‘SISATVW
_n ‘ _JOVIE-NIHLIN) NOLINGINASIA NSSM JLLVLS WIXV °Z6T n9ld
- : ﬁmuruz: 3iBNI10%00J Wixy
: a3°¢s 96 L 80°g 0g°s ac” m uo.a as’ ~ go'g - g0°1- 80°2—, _
, L i 1 i A i .z H
g Fw _
4 o
y <@
._ <
.
_ | 5=
¥ om
C: <«
: )
] 2

V»Q m n
! r\ls ,
: S
; . m
N,.ﬂ —
] 123 ,
v - - 8>
_1 x 3543 ~»
] X gnd S3INTWA THINIWIY¥IGXT [
4 vy 3842 @
; ® g1k
3 @ grd S3IrTdA 031hdWd) Ly
. : o

Q

e o T e PR T




sty

bt

WEYTTRET

4

Lt W fl o O A g bt S e s PR s G e AR T e S e TP T R PO T Sy e TRy ST
(033dS %06 “SISAIYNY
JAVIE-NIHLIM) NOLLAGTHISIA F4NSSTud JLLVLS WIXY 86T Wn9i4
FS3HONI! J:uNICYIDT “HIXy
ac g 2074 onog mm”m ....._..“v wm.“m wh“N |ﬂu.
2

a0k

PR N R e TR T
(% A SO A

3dd 21198

R

N T ,_
W
@
3 S
4 x
F R * 332 ~ |
i ¥ gnH s3anTpa THINIWINIIXT =
¥ 3843 =
D gia _
w 2 gnH S3INTBA CIUNoWe) |y
i -
: S
“ E |
”, [
; i
)
L st s 0 4 ditndi s 3 LA bt il sl b0 . i S
) s ’ . il S il D b v i s St o e s




R S

=2 )

Y

S L o ——————— e &

St b el i

"

(03345 256. ‘SISATWNY
VIE-NINLIND NOTINEINASIC JNSSd JTLVES WIXV “66T 3nSld

(S3IHINI ) 3iUNICHCOI "HiXY
o0y 00°¢€

00°s go°s QOHN 0ol 00°0 001~

L 'l 2 | . '] 'S i ~
IE
£

o
o
w
-
D
: -8
)
o
-
2 y
x -
" n 8%
' m
83
83
* 3843 |
X 8nW S3INTWA HINIKI¥IANS T
¥ 3543 S
© g4
A - HT S3%7BA 031Nck0d Ly
g
ot e L g e Lt PRI RUL I ¢ e e e 1t i e bk s il it it s, ikl ikl




R G B S i ey Ly DR R LSS

o

Lk T TSR VI OFATRANOT 1 T T e e
T T T AT S TR T AT B T T T Sl Al il

WA e i e

SRy

AR
dinds

p (@33dS 2061 SISATVNY W
i JVIE-NIHLIM) NOIINGIYISIO YASSTYd J1LVLS WIXY ‘002 JNOI4
: (RIHIND T JLBNIONTD) iKY . ) .
m 00°g g0 "¢ 009 30°9 ud " ¥ 0oy A0 o QLF Go°H HIN iﬂra (] m.....
[ L - i 1 i L . | - e SN e ot e .|mv ]
w . [ |
”m o Aw «NE'I.W.?I * () ._
" “
¥
s 5

i w 1
4 —

3 | D
M A 1&” A
. \ ) 2
P / “ )

‘_~ , /v@ 0 4
y I m
i ? ISYY; o
P X :.vmmw a
5 ; »- s ;
M. . \ O.mw_ ]
w ¢ g » x -

S s - S — :%%

y ED
*  358) "
E X gNH SINTHA TYINIWIYIIXI  [h

] v 35H) g

. @ giu

. g gnw SINTA 0ILN4K0d L

: o

4 . (=]
4

3

Fh 2 e », - O, ) ko
A WO 9 B 2y e B PR TR R AR p i o LN o it S, M2

B ph b ettt s b bt o v B e R L S B s Sl b ibalis s ittt L




AR Sl ae Rl A

2207 “SISATVW : w

VIENIKLIN WOLINGIYLSIT 4 JLLVIS WIXV *TOZ NSL4 :

i

(S3IHINI) 3LUNIGYG0I WIXY :

oo .ra 111 .rh S.Fu 8L.m 00 Po o0 ..u nn».pu r ar» t 8wnr. 00° ,.... a0° urﬂ. 1

02
igis

e0°
J!
o= I

cov2
118

(Y1S8d) 3¥NSSI¥d

00°02

* 3542 "
% X gNH SINTBA TIBINIWI¥AAXI D
m : v 384) &
2 ® g
b @ gnH S3NTWA GILNdWOI Ly
_M;‘ S
3
L
}




A5 wa oy ey

e

YA

vu'\"’mﬂ" -

T TR s b i, bt g R a ity

o
o
-
00
M HUB
=
o o MID
o ;
a TIP :
o
=9 1
B R 3
OV
-
cC 3
o ;
oo 4
GC‘JA 3
N N 3
(T ]
O é
= 3
ud 0 ;
o 3
— E
O 3
= 3
o /“__‘H i
C)CJ. / 4
=5
(8
& -
Q P
o 3
*
17p]
o
o
o T Y T - 3
0.00 0.20 0.40 0.89% 1.
NOGRMALIZED AXIAL DISTANCF
FIGURE 202. ROTOR WITHIN-BLADE DEVIATION ANGLE 1
DISTRIBUTION (40% SPEED POINT)
115




J

35.00

A

30.00

N
5.00

i

1o

/DEVIAT
29.00

15.00

b}

'}

ROTCR INCICENCE
10.00

5.00
| .

m HUB
® MID
a TIP

0.00C

G6.00

L)

G.20
NORMALIZ

FIGURE 263. ROTOR WITHIN-BLADE DEVIATION ANGLE

L J

0.40 0.60°  0.80
ED AXIAL DISTANCE

DISTRIBUTION (SO% SPEED POINT)

16

.00

o mnis Secldan Bl i

S AR

e A LYl S i SR




T TR

Y T LTE AT

ieis i e Gy ot LA

T Y

g

P Y e

PR

L e

[ L

35.00

25.00 39.00

|

20.00
A

ROTCGR INCICENCE/DEVIRTION
15.08

5
%

Il

5.00

10.0C

0.0C

T

0.0g 6{20 5r40 AS.BC 0.8e5
NORMALIZED AXIAL DISTANCE

FIGURE 204. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION (60% SPEED POINT)

17

1.

. - TR Tt B in RETTYIIRORT ~ e T eI T o £ R S
S BT T T T R T ST T I T I T T =T tn T T TETI RO

0G

R A

SNt et

EREVITE . 77308 WP I Y

FIoR

e Ukl




A T T T e = I s S e A TFER. - =
g"'

35.00

. |

o HUB
o MID
s TIP

30.00

i

25.00

20.00

ENCE/DEVIRTION

10
5.00
3

NC
1

ROTOR 1
oe 10.00

S.

g.GQ

6. 00 0. 20 0. 40 6. 56 0.85 1.06 3
NORMALIZED AXIAL DISTANCE '

T Y
FTPTENY. IR

FIGURE 205. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION (70% SPEED POINT)

u .




B ——
Lo s 0 bt Tt e e '
TTPPRTITITL ) T R AP AT gt o G e e g s g
TS T PPl T, . ——— Q " ooy e dwam e e i R A 2 s R Y .
B s AR 1 bbb
3 "
e }

-
S
m _
}
. ¥
m‘, H
oo
m, i
-
S
<
[ &y
T~
!
, Q,
i [\ R ™
{ - . ()
0=
i
1

T
0.60

0.40

ROTOR WITHIN-BLADE. DEVIATION ANGLE
DISTRIBUTION (80% SPEED POINT)

MID
TiP

o HUB

U]
A
0. 20
NORMALIZED AXIAL DISTA

FIGURE 206.

T
0o

00°S€  00°0E  00°SZ  Q0°02  Q0'Si 000! 0a's 03°0 ]
NOTLIYUIA3IOQ/3IN3TIINI ¥310Y .

0.




e ot

b S i i £

A ETEITIIY Bt wy RenleVETITE
TN SRS T HAITE T &

30.CQ0 35.00
)

1

25.00

20.00

CENCE/DEVIRTION

NCI
15.00

L

ROTOR I
10.00

5.00

0.00C

m HUB
® MID
a TIP

0.00

020 1 060 080 1.00
NORMAL1ZED AXIAL DISTANGE

FIGURE 207. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION (85% SPEED POINT)

b o -7

PRy

©y g sy

o

£ 5 R S Bl A2

TSR TP C YRR PCT-2 tO- I T

|




TR Coie Dl 2ty =T v " D e Yt
T Tt TSR AT ELIT o 3 b Al R Cag o =Sl gy g TS L SRR d -

3
o . 3
3 ¢
4 U‘\_
m E
[
i e
£ m HUB :
- o ]
3 c) =
. o T f
o - o MIG :
o0 E
& TIF ]
et 3
Pt 2
3 C) o7~ =
3 (4% E
¥
?‘_

0.4D0
, X
e itah sl wona RS CRARL i

IDENCE/DEVIRTI

o
o
.’, L-’.:-4
E L -
Z
P az o
€50 :
3 = i;
C‘Dv—l _!:'
3 (e q :
4
£ g
¥
3 c)
!
N d
(e}
13
o ! T T T 3 ;
.05 c.¢Z G 49 G.6C 0.%0 1.50
: NCRMAQLIZED AXIAL LISTANCE

FIGUIRE 208. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION 90% SPEED POINT)

121

Eadman . ks




5 — _— S T e [T TR LRI T
P L i e S e e TR ) e | LI FET - e O W Bt =

. o g
E o
' £ - §
o
f m HUB g
i 3
3 o o MID
3 m
E a TIF
o -
=° ;
C) i -
— O ;
’d._' ]
28 |
3 Oo.- 3
~ v k
u
Q 4
z
" . o A
4 e 1
— ;
() e ;
o o
1 0o ]
» 3
: 14
o f
: L’:;-
o
o 5
o T T } :
4 G.0C G. G.40 0 80 0 - 1] 1.60 ;
4 N“RHQLI’ED AXIAL DISTANCE
3 FIGURE 208. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION (95% SPEED POINT)

122




LT ST L T T AT SRRSO T T T T TN IR T T YRS TR Lo i e e PO

- e < v wme e B e R R E.

4 o
3 o ;
| 1 |
i
M HUB ;
C’ s

(aw]

. T
] o MID |
m -
& TIP ;
5 4
3 . |
= 4
P C) W)~

—_ O .
3 — ]
3 a 3
—t P
. o :

; >0

Q

-
,-

LB A

NCICENCE/DE

o .
3 o i
Ef U'.:-4 ;
o
Qo
| = o
e ?‘
: 3 |
; 5 :
3 © 3
O 3
o T T T T 1 ;
0.00 0.20 .40 G.60 0.85 1.00
NORMALIZED AXIAL DISTANCE 3
A ]

FIGURE 210. ROTOR WITHIN-BLADE DEVIATION ANGLE
DISTRIBUTION (100% SPEED POINT)

1 123

et aa)




R T T T AT T W T R T T ST T AR W TR e T v R W, TR I T I e TR RO e T T

3

35.00

% m HUB i
: = i
x é‘ o MID |

a TIP

25.00

20.00

RCTOR INCIDENCE/DEVIRTICN

3 o
3 o ]
. p
E L)~ ¥
3 - E
3 3
3
o B

2 o

A v
3 < - ‘
3 - 3

; <

o
v ;

g

i

0.00

0.0G 0. 20 0. 40 0.60 0.80 1.00 ;
NORMHLIZED AXIAL DISTANCE

FIGURE 211. ROTOR WITHIN-SLADE DEVIATION ANGLE
DISTRIBUTION (102% SPEED POINT)

124




e Fy T TSSTOLLTE BT B AT RS e ARy R TR T O RS = v o s T s
FT Ry TETRER SATTRST T ey e o FRFTRTT RS el e RIPEECRROE it BHE N SO A LR Tl - Y e ke Ea LA S o A i hla- 2t Ko
54
3 e e e et Wk w e Py a kL o A eane .
S 2
'

| 212050315040 ;
i m PRESSURE SURFACE
_ X SUCTION SURFACE :
E 4 ® CALCULATED VALUES
3 ] LEADING &« TRAILING EDGES
3 :
r e
o .
3 m k
: T3 3
3 ) i~ 1
a o~ ;
| W :
4 58 ——— —8 :
Ujmw 3
U3~ 1
W e T ]
oz E
- :
Q 4
w3 ";
r] 4
3
E ;
o E
o 2
E r. oo 20.00 40.00 60.00 80.00 100. 00 |
E

PERCENT CHORD

FIGWRE 212, STATOR MID-SPAN SURFACE STATIC PRESSURE :
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 40% SPEED) 3

125

R = o j
o B W TR P T B ST L Ty T Py




(i’ kAR S

i
WS R et et M R R NRATTIE R A R

|
5’;
B
i
!
{

ks Ealw% Rl YUN WESDTY
B O S e e L i e c e S

212050615050

& PRESSURE SURFRCE
SUCTION SURFACE

® CRLCULATED VALUES
LEADING & TRAILING EDGES

37.50
3
X

30.00

22.50

PRESSURE (PSIR)
15.00

7.560

0.00

5. 00 20.00 _ 40.00  60.00  8p 00 " 100. 00
PERCENT CHORD

FIGURE 213. STATOR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 50% SPEED)

126

Wa\»' .




RTPON Sl andi s Sl 2l Soel

212051715560

@ PRESSURE SURFRCE
SUCTION SURFACE

CALCULATED VALUES
LEADING & TRAILING EDGES

Lok Kl ol el it

X

37.80
=

30.00
i

)
s el

I
.50

(PSIA
22

[{

PRESSURE
15.00

7.50

i i by Mk b e

00

0‘

0. f0 20.00 +0.00 60.00 80.00 100. 00
PERCENT CHORD

FIGURE 214. STATCR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 60% SPEED)

127




5 212070916170

@ PRESSURE SURFRCE

_ X SUCTION SURFACE
\a ® CALCULATED VALUES 5
5 LEADING « TRAILING EDGES
Q
Q
g8 :
; U v — B :
; Q. o~ 3
= ——3¢ j
L W
xo
, :O
i LR
3 m'—‘
(V8]
oz
a.
S
2
8
. 00 20.00  40.00  60.00  80.00  100.00
PE,""ENT CHORD
E FIGURE 215. STATOR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 70% SPEED)

128




212071515980

D PRESSURE SURFACE
X GSUCTION SURFACE

o

< m CHLCULATED VRLUES

o1 LEADING 3 TRAILING EDCES
o

(&)

g_

50

PRESSURE (PSIA)
1§ Q0 2?

s e ol skl b
i oA B b ohe e o At AU e et b Ml ol

b4
2 |
[Vl
~
f
ol
=8
af} T T L T A
D.00 20.00 40.00 £0.00 80.00 100. 00

PERCENT CHORD

FIGURE 216. STATOR MID-SPAN St:-FACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 80% SPEED)

129




T T U

301181015885

® PRESSURE SURFACE

" X SUCTION SURFACE
w ® CRLCULARTED VALUES
o] LERDING ¢« TRAILING EDGES
o
[ew ]
‘?;-
Eg e =
o o ~
o o~
d
o
S5O
N
U et
W
(4’4
Q.
Q
n
t‘ﬂ—i
Q
[ ]
4.00 20.00  40.00  60.00  80.00  100.00

PERCENT CHORD

FIGURE 217. STATOR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-SLADE ANALYSIS, 85% SPEED)
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FIGURE 218. STATOR MID-SFAN SURFACE STATIC PRESSURE
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DISTRIBUTION (WITHIN-BLADE ANALYSIS, 95% SPEED)
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FIGURE 220, STATOR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 100% SPEED)
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FIGURE 221. STATOR MID-SPAN SURFACE STATIC PRESSURE
DISTRIBUTION (WITHIN-BLADE ANALYSIS, 102% SPEED)
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APPENDIX A
PHASE I1 WITHIN-BLADE ANALYSES (COMPUTER PRINTOUTS)

This appendix presents the aercdynamic results (in the
ferm of computer printouts) ¢f the Phase 11 within-blsde
analyses for the ten test polnts selected for that analycls.
The printout of irput data which creceds the muterful pres2nted
herein has been removad in owvder to Keep the numt - 3P pagec

tn a minimum, The Input data used in each of tnece analivocs
are precented in Appendix B.
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